The present study investigates the effects of heat stress on the kidney in broilers, based on previous findings which showed that heat stress caused cardiac damage in broilers. Further, the possible renoprotective role of aspirin and the heat shock proteins HSP60 and HSP47 was also investigated. The enzyme levels of urea and uric acid, which are indicators of renal damage, and lactate dehydrogenase, an indicator of oxidative damage, were measured in chickens that were only exposed to heat stress, chickens that were pretreated with aspirin before heat stress, and chickens that were only treated with aspirin. Further, histological examination of renal tissue from the three groups was also performed. Finally, expression of HSP60 and HSP47 was also examined. In the heat stress group, the enzyme measurements were indicative of renal dysfunction and oxidative damage, and the histological findings were indicative of renal ischemia and damage. Aspirin seemed to have a protective effect against the renal damage caused by the stress, based on the enzyme measurements and histopathological findings in the aspirin-treated group. The findings also indicate that aspirin may induce HSP60 and HSP47 expression in renal cells. Finally, the expression patterns of HSP60 and HSP47 indicated that they may play a renoprotective role, as their expression was higher in the aspirintreated groups. In conclusion, the present findings show that heat stress causes renal damage in poultry and that aspirin may play a protective role against this damage via pathways that involve HSP60 and HSP47.
Introduction
Heat stress can affect animal health and cause damage to several organs and even lead to sudden death. Economic losses resulting from heat stress have been reported worldwide (Allakhverdiev et al. 2008; Barrow and Clark 1998) . Poultry are more sensitive to heat stress than mammals because they lack sweat glands. Therefore, during the summer, chickens are more sensitive to heat than other livestock. As a non-specific stressor, heat stress causes damage to multiple organs (Bao et al. 2008) . Our previous studies have confirmed that heat stress in chickens can cause serious harm to the heart. However, we did not pay attention to other organs that were also damaged, especially the kidney. Therefore, in the present study, we focused on renal injury caused by heat stress in broilers.
Heat shock protein (HSP) expression is induced in cells in response to various types of stress. These proteins play an essential role in many physiological cellular processes, such as protein folding, transport, and assembly. According to their molecular weight, HSPs are divided into several families, such as small heat shock protein family, HSP47, HSP60, HSP70, HSP90, and HSP110 (Lin et al. 2004) . Our previous research showed that HSPs protect myocardial cells from the effects of heat stress (Bao et al. 2008; Blum and Miller 1998; Tang et al. 2014) . Therefore, HSPs may also play an important role in the protection of renal cells in broilers exposed to heat stress. This is another point of investigation in the present study.
Hsp60, also known as HspD1 and chaperonin 60, has been widely recognized as a molecular chaperone responsible for cellular stress response (Bukau and Horwich 1998; Buriro et al. 2012; Kuo et al. 2012 ). In addition, Hsp60 (HSPD1) is also reported to be involved in the regulation of intracellular protein aggregation, ATP production, and oxidative stress in diabetes-induced renal tubular dysfunction (Lebret et al. 2003) . The kidney is abundant in mitochondria, which are involved in supplying ATP for several metabolic pathways in renal tubular cells. Hsp60 is well known as a mitochondrial chaperone that can stabilize the inner and outer membrane of the mitochondria and prevent the apoptosis of cells (Bruschi et al. 1993; Reading et al. 1989 ). Thus, Hsp60 could play a role in the protection of renal cells from heat stress in chickens.
Another Hsp that could be involved in the protection of renal cells from heat stress is Hsp47. Under conditions of stress, Hsp47 is part of the quality control system for procollagen, including the prevention of the secretion of procollagen with abnormal conformation (Hamilton and Heikkila 2006; Nagata and Hosokawa 1996) . In addition to its role as a molecular chaperone, Hsp47 synthesis always parallels that of collagen in developing tissues and various cell lines, and in collagen-related pathological conditions such as fibrosis (Razzaque and Taguchi 1999) . Moriyama reported that cells expressing Hsp47 are presumably myofibroblasts, which appear during the progression of interstitial fibrosis in the rat kidney and play a protective role in kidney cells (Razzaque and Taguchi 1999; Xiao et al. 2012) . Therefore, in addition to Hsp60, Hsp47 may also be involved in renoprotection in chickens exposed to heat stress.
Aspirin is a medication that is often used to treat pain, fever, and inflammation (WM Murray 1997) . Aspirin exerts its effects by mediating, at least in part, the inhibition of cyclooxygenase (COX) enzymes and reduced production of prostaglandins and other inflammatory mediators. Heat stress can activate multiple body response pathways that involve inflammation. Our previous studies have confirmed that aspirin could protect the heart and induce the expression of several Hsp's in broilers under heat stress. In addition, aspirin irreversibly inhibits the production of thromboxane and hence prevents platelet aggregation. Its role is well established in the secondary prevention of cardiovascular disease (CVD), and its role in the primary prevention of CVD in chronic kidney disease (CKD) has been identified as an important research priority (Evans et al. 2009; Wali and Wali 2010) . In the present study, we fed broilers aspirin (1 mg/kg) 2 h before exposure to heat stress; this dose is much lower than the average dose given and is therefore safe. Our previous studies have confirmed that aspirin could induce the expression of several Hsp's such as Hsp70, Hsp90, and Hsp27 and CryAB. Inhibition of these Hsp's by a specific inhibitor could weaken aspirin's protective role in the chicken heart under in vitro heat stress conditions. Next, we sought to investigate renal damage in the chicken under heat stress and whether aspirin could also have a protective effect in renal tissue.
In this study, we investigated the effects of heat stress on renal cells in broiler chickens. Further, the expression of Hsp60 and Hsp47 in the renal cells was also investigated.
We also studied their expression in chickens that were treated with aspirin (acetyl salicylic acid), since our previous studies indicated that aspirin could protect chicken primary myocardial cells under heat stress both in in vivo and in vitro conditions (Wu et al. 2015) .
Materials and methods

Establishment of the in vivo heat stress model
All experiments were performed in accordance with the guidelines of the Animal Ethics Committee of Jiangsu Province (China) and were approved by the Institutional Animal Care and Use Committee of Nanjing Agricultural University, China. This research was conducted in accordance with the guidelines of the Institutional Animal Care and Use Committee (IACUC), as is mandatory for all submissions with research involving live animals. The in vivo heat stress model was established as previously described (Wu et al. 2015) . Briefly, 1-day-old specific pathogen-free chickens were purchased from Qian Yuan Hao Biotechnology Company, Nanjing, China. The entire population was vaccinated against Newcastle disease and infectious bursal disease on day 7 and day 14, respectively. The birds were allowed to acclimate to their new housing and recover from environmental stress for 30 days. Then, 270 chickens were randomly divided into three groups: the Heat (the chickens were only exposed to heat stress), the Aspirin + Heat group (the chickens were pretreated with aspirin before heat stress), and the Aspirin group (the chickens were pretreated with aspirin, but not exposed to heat stress) (n = 90 in each group). The chickens were not given water in the 12 h leading up to the experiment. According to our observation, broilers did not present dehydration before the experiment. We did pre experiment and found when to stop giving water for 12 h (about one night) for chicks. Chickens can drink all aspirin added water in 2 h before heat treatment. The chickens in the Aspirin and Aspirin + Heat groups were administered aspirin orally at 1 mg/kg body weight (aspirin powder > 98% purity; Sigma, USA) 2 h before the heat stress phase of the experiment. During the heat stress phase, the chickens in the Aspirin group were housed under normal conditions (i.e., they were not exposed to heat), while the chickens in the Aspirin + Heat and Heat groups were exposed to heat stress by rapidly, gently moving the animals from the 25 ± 1°C housing to an air chamber (GJ-1; Suzhou Fengshi Laboratory Animal Equipment Co. Ltd., China) preheated to 40 ± 1°C at 60−70% humidity. The broilers had ad libitum access to food and water during heat stress exposure. At 0 (control), 1, 2, 3, 5, 7, 10, 15, and 24 h after heat stress exposure, at the end of each time point, 10 chickens were randomly selected and sacrificed humanely by rapid decapitation (within 5 min). The body temperature of the broilers was measured via the rectum (with a thermometer placed 3 cm inside) using a mercury thermometer within 2 min before slaughter. The kidneys were excised and fixed in 10% formalin for pathological studies or frozen in liquid nitrogen for ELISA.
Detection of enzymes associated with renal damage
Serum (1.5 mL) was collected at every time point (0, 1, 2, 3, 5, 7, 10, 15, and 24 h) from the chickens within 3 min after exposure to the treatments described above. The lactate dehydrogenase (LDH), urea, and uric acid (UA) activity was measured according to the manufacturer's instructions (Nanjing Jiancheng Biochemical Reagent Co. Ltd., Nanjing, China) with a clinical biochemical indicator auto-analyzer (Vital Scientific NV, The Netherlands). Each sample was analyzed three consecutive times.
Detection of HSP60 and HSP47 expression
The chicken kidney samples were washed in ice-cold saline and homogenized on ice in 10 volumes of homogenization buffer (0.15 M NaCl, 20 mM Tris-HCl [pH 8.0], 1 mM ethylenediaminetetraacetic acid, 1 mM phenylmethylsulphonyl fluoride, 0.1 μM E-46, 0.08 μM aprotinin, 0.1 μM leupeptin, and 0.1% NP-40) using an Ultra-Turrax homogenizer (623,003; Fluko Equipment Shanghai Co. Ltd., China). The homogenates were centrifuged at 12,000×g for 20 min at 4°C to remove debris, and the supernatant was collected and stored at − 20°C for protein quantification. The protein concentration of the samples was measured using a Micro-BCA™ protein assay kit (23,235; Thermo Scientific, Waltham, MA, USA), and the HSP47 and HSP60 protein levels were quantified using a commercially available ELISA kit (for Hsp47: MBS036095 [detection range in chicken, 0.1−40 ng/mL]; for Hsp60: MBS9310299 [detection range in chicken, 0.1 −40 ng/mL]) (MyBioSource, USA) according to the manufacturer's instructions.
Histopathological analysis
Kidney tissue samples were obtained and preserved in 10% formalin. The samples were embedded in paraffin and then cut into serial sections of 5 μm thickness. Sections were stained with H&E, and images were obtained with a light microscope (Imager A2; ZEISS, Germany).
Statistical analysis
The Curve Expert 1.3 software was used to generate the standard curves for the ELISA results. Data were compared with the baseline level (0 h in the HS group) by one-way analysis of variance (ANOVA) followed by Fisher's least significant difference (LSD) test using SPSS version 21 for Windows. The three groups (Heat, Aspirin + Heat, and Aspirin) were compared using two-way ANOVA with the Graphpad prism 6.0 software. When p values were < 0.05 ( * significant difference vs. the 0-h heat stress group, # significant difference vs. the Heat group, and significant symbol was polylines between Aspirin + Heat and Aspirin group), the differences were considered to be significant, and when they were < 0.01( **, ## ), the differences were considered to be highly significant. Duncan's multiple range test was used to compare Hsp47 and Hsp60 expression between groups at each time point. All raw data presented are expressed as the mean ± standard deviation (SD) values. All experiments were performed in triplicate.
Results
Clinical manifestations
The normal body temperature in the chicken is 39°C, and all the control chickens (no heat stress and only Aspirin groups) showed this temperature. The range of a mercury thermometer is from 25 to 43°C. The body temperature of most broilers in the Heat group was over 43°C. We assumed that it was 44°C since we were unable to measure the temperature if it was above 43°C. Broilers did not show deviation from their normal body temperature when they were fed aspirin with water 2 h before heat treatment. At 1 h after heat treatment, broilers in the Heat groups presented with polypnea and sensitive compared with the Aspirin + Heat pretreated group. At 5 h after heat stress, the broilers in the Heat group were not as active as those in the Aspirin treatment group. The Aspirin + Heat treatment group presented with similar behavior, and the body temperature remains between 41 and 42°C. At 10−24 h after heat stress, broilers pretreated with aspirin in the Aspirin + Heat groups showed relaxed behavior in the chamber. According to our rectal temperature data, both treatment groups (Heat and Aspirin + Heat) showed higher rectal temperature than the control group (25°C). However, in the Heat stress groups, nearly half of the broilers showed higher temperature (over 43°C) than the Aspirin + Heat group (41 −43°C).
Serum LDH levels
The non-heat treatment Aspirin and control groups showed similar serum LDH values (control, 955 U/L; Aspirin, 1053 U/L). After 1 h of heat stress, serum LDH levels in the Heat group increased by 2.66-fold (2525 U/L) compared with the Aspirin (948 U/L) group. Compared to the aspirin treatment groups (with heat and without heat), the LDH level in the heat treatment group remained significantly higher from 1 to 24 h (> 2000 U/L). From 3 to 7 h, the LDH levels in the Aspirin + Heat group (3 h, 1044 U/L; 5 h, 2225 U/L; 7 h, 1789 U/L) were higher than those in the Aspirin group (p < 0.01), but the LDH levels were similar between these two groups at all other time points (~1000 U/L). The LDH level in the group only treated with aspirin did not fluctuate much (p > 0.05) (Fig. 1) .
Serum urea and UA levels
The serum urea level in the Heat group significantly increased from 2 to 24 h (> 1, 1.34, 1.52, 1.44, and 1.33 U/L at 2, 7, 10, and 24 h, respectively) (Fig. 2a) . In the Aspirin + Heat group, the urea level increased slightly from 2 h (0.85 U/L) under heat stress, but it was much lower (< 1 U/L) than that in the Heat group (p < 0.01) over the 24-h duration. In the Aspirin group, the urea levels did not fluctuate much throughout the 24-h duration (< 0.5 U/L). The UA levels showed similar trends to the urea levels (Fig. 2b) .
Histopathological features of the kidney
As can be seen in Fig. 3g −i, heat stress resulted in severe damage in renal tubule epithelial cells: at 5 h, karyopyknosis (▲) and acute degeneration (↑) can be observed; at 24 h, severe cell death was the main pathological change in renal tubule epithelial cells, characterized by disappearance of the nucleus and karyopyknosis (▲). In the Aspirin + Heat group (Fig. 3d−f) , after 5 h of heat treatment, the renal tubule epithelial cells showed acute degeneration (↑), and after 24 h of heat stress, acute degeneration was still the main pathological change observed. Karyopyknosis can be observed, but few lesions were present in comparison to the Heat stress group. In the Aspirin group (Fig. 3a−c) , no obvious damage to renal tubule epithelial cells can be seen.
Hsp47 and Hsp60 expression in the kidney
As shown in Fig. 4a , in the Heat stress group, the HSP47 level increased at 2 and 4 h (0.58 and 0.51 ng/mL, respectively) and then decreased from 5 to 24 h (to~0.45 ng/mL). The group that was only treated with aspirin showed an increase in HSP47 levels from 5 to 10 h (~0.6 ng/mL), but they were lower than the levels in the heat stress group at 15 to 24 h (0.31 and 0.35 ng/mL, respectively). In the aspirin treatment group, after heat stress was induced, the Hsp47 levels were significantly higher (average, > 0.55 ng/mL; from 5 to 24 h, > 0.60 ng/mL) than those in the only heat treatment group throughout the treatment time. The group that was only treated with aspirin showed decreased levels of Hsp47 from 15 h, which is consistent with the half-life of aspirin.
As shown in Fig. 4b , Hsp60 expression in the Heat group (0.73 ng/mL) was lower than that in Aspirin + Heat and Aspirin groups (0.97 ng/mL) at 0 h. After heat stress for 1 h, the Hsp60 level in the Heat group (1.05 ng/mL) was higher than that in the other two groups (0.65 ng/mL in the Aspirin + Heat group and 0.66 ng/mL in the Aspirin group) until 7 h, but after 10 h, Hsp60 expression was lower (< 0.65 ng/mL) than that in the other two groups (> 0.65 ng/mL). The aspirintreated groups showed higher Hsp60 expression than the Heat group before heat stress, but it decreased after heat stress in the Aspirin + Heat group until 10 h (p < 0.05), after which it increased again after 15 h but remained similar to the level in the Aspirin group. The aspirin treatment group without heat stress showed similar trends with the Aspirin + Heat group until 10 h, but from 15 h, Hsp60 expression was lower than that in the Aspirin + Heat group.
Correlation analysis
The Pearson correlation coefficients for the correlation between kidney damage indicators and Hsp expression in the broiler kidney are presented in Table 1 . The Pearson correlation coefficient for the relationship between UA and Hsp47 was 0.377, which indicated a significant positive correlation. The coefficient for the correlation between UA and Hsp60 was − 0.125; between urea and Hsp47, − 0.411; between urea and Hsp60, − 0.403. These values indicated a significant negative correlation.
Discussion
Heat stress is kind of non-specific stressor that could affect the welfare of livestock and even result in death. In the present Fig. 1 Changes in LDH levels in response to heat stress. Compared to the Aspirin group, in the Heat group, the LDH level was significantly higher from 1 to 24 h ( ** p < 0.01). From 3 h, the Aspirin + Heat group showed higher LDH levels than that at 0−2 h of heat stress, but they were still lower than those in the Heat group. From 10 h, the LDH level decreased until 24 h compared to the Heat group ( ## p < 0.01). The Aspirin group showed similar LDH levels throughout. Lines indicate significant differences between the Aspirin + Heat and Aspirin groups study, we focus on renal damage in broiler chickens exposed to heat stress, the treatment effect of aspirin under heat stress, and the possible protective role of Hsp47 and Hsp60. Aspirin was reported have a positive effect on chronic heart disease, and chronic kidney disease is a strong independent predictor of cardiovascular disease in human (Evans et al. 2009 ). After our previous investigation revealed severe heart damage under heat stress and the protective effect of aspirin in broilers, we thought that it was necessary to investigate renal damage and the possible protective effects of aspirin in renal cells too. The animals exposed to heat stress showed increased plasma levels of urea and UA, which was indicative of renal dysfunction. Moreover, histological examination showed swelling of tubular epithelial cells, brush border loss, vacuolar degeneration, necrosis, and decreased renal blood flow; these findings are indicative of renal ischemia and damage. Thus, as observed in cardiac cells in our previous study, renal cells in broilers were also damaged as a result of heat stress.
During heat stress, body temperature increases and the homeostasis of intestinal flora is disrupted, as a result of which the levels of inflammatory factors such as TNF-α, IL-6, and IL-8 in blood circulation are increased, leading to fever and organ damage. Aspirin has been shown to have antiinflammatory effects and control body temperature. In this study, broilers exposed to heat stress that were not given aspirin presented with higher body temperature and higher urea and UA levels than those that were fed aspirin after exposure to heat stress. Aspirin treatment decreased the urea level in the non-heat-treated group as well, this finding is supported by two studies: (1) when aspirin is present in the body, it increases the Cox-2 level, which can cause a decrease in urea and UA (Wakefield et al. 2012) , and (2) aspirin and urea may form a aspirin-urea complex that leads to a decrease in serum urea (Santopadre and Bolton 1967) . In addition, examination of the pathological lesions in the treatment and non-treatment groups showed that aspirin could lessen the in vivo damage caused by heat stress in heart cells. Further, the renal samples from the aspirin treatment group were characterized by acute degeneration as opposed to karyopyknosis. Pearson correlation analysis showed that the urea levels were significantly negatively correlated with the Hsp47 and Hsp60 levels. This indicates that Hsp47 and Hsp60 expression may contribute to protecting renal function in broilers. These findings are indicative of the protective role of aspirin in broilers exposed to heat stress. They are also in agreement with previous reports on the protective role of aspirin against heat-induced stress (Murray 1997; Wu et al. 2016; Zhang et al. 2016) .
LDH is widely used as an indicator of cellular damage (Bounda et al. 2015; Holm et al. 2012; Tian et al. 2012) . In the present study, the serum LDH levels were significantly higher in the heat stress group than in the aspirin treatment group. Aspirin treatment before heat stress seemed to decrease the LDH levels up to 3 h, at which point it showed a sudden increase, but it decreased thereafter to similar levels as in the aspirin only group. These findings indicate that there was severe damage in the heat stress group that was not treated with aspirin, and that aspirin seemed to have a protective effect against oxidative damage induced by heat stress.
Our research group has confirmed through in vivo experiments that Hsp60 can protect the heart and liver from heat stress in broilers and rats (Buriro et al. 2012; Yan et al. 2009 ). However, there is no research on its protective role in renal failure in heat-stressed broilers. According to our results, in the heat stress group, Hsp60 expression showed a significant increase at 1 to 7 h after heat stress; this is consistent with the results of a previous study which showed that in human proximal tubule (HPT) cells, after heat stress for 1 h, Hsp60 expression was significantly increased but was decreased from 10 to 24 h (Somji et al. 2000) . This group was also histologically characterized by severe renal damage. The kidney is only second to the heart in mitochondrial abundance Fig. 2 Changes in urea and UA levels in response to heat stress. a After 2 h of heat stress, the urea levels were significantly higher in the Heat group than in the Aspirin group ( ** p < 0.01, ## p < 0.01). The Aspirin + Heat group had lower urea levels than the Heat group ( ## p < 0.01). The Aspirin group had lower urea levels than the Heat group at all time points ( ## p < 0.01). Lines indicate significant differences between the Aspirin + Heat and Aspirin groups. b After 1 h of heat stress, the UA levels were significantly higher in the Heat group than in the Aspirin group until 24 h of heat stress ( ** p < 0.01, ## p < 0.01). The Aspirin + Heat group had lower UA levels than the Heat group at all time points ( ## p < 0.01). Finally, the Aspirin group had lower UA levels than the Heat group at all time points ( ## p < 0.01). Lines indicate significant differences between the Aspirin + Heat and Aspirin groups (Deluca and Engstrom 1961; Mao et al. 2007 ). Hsp60 is a typical mitochondrial protein in eukaryotes, and is involved in facilitating the correction of misfolded protein back into the correct conformation. Acute heat stress could cause mitochondrial damage; thus, the significant increase in Hsp60 expression might indicate that Hsp60 expression is induced by heat stress to maintain mitochondrial homeostasis . Its expression then decreased from 10 to 24 h (to 0.47 ng/mL) and was accompanied by higher urea and UA levels and corresponding pathological changes (Table 1) . Based on the time-dependent changes in Hsp60 expression in the heat-treated and aspirin groups, it seems that aspirin can increase the Hsp60 levels in the unstressed state, Hsp60 expression level in Aspirin-treated chicks before heat shock was about 0.97 ng/mL, no treatment group was 0.75 ng/mL, increased 25% of Hsp60. After heat stress, Hsp60 levels decreased in Aspirin treatment groups (0.65 ng/mL) from 1 to 7 h and then began to increase from 15 to 24 h (0.99 ng/mL), and that under heat stress, enough Hsp60 is expressed for maintaining mitochrondrial homeostasis in the early heat stress period. However, after 7 h, the kidney showed damage and induction of Hsp60 expression thereafter. As previous research has shown, Hsp60 is present in both the cytosolic and mitochrondrial areas of cells. Under stress conditions, Hsp60 might bind with mitochondrial membrane proteins to protect mitochondrial membrane potential (ΔΨm). This is supported by the finding that when Hsp60 expression was silenced by siRNA treatment, rat myocardial cells showed a higher apoptosis rate and more ROS production . Further, its expression was similar to that in the aspirin only group at almost all time points. The aspirin-treated groups were also characterized by lighter renal damage. In addition, the findings are consistent with the urea and UA expression profiles. Hsp60 has been proposed to be a regulator of apoptosis in various tissues (Bruschi et al. 1993; Reading et al. 1989; Kuo et al. 2012; Tang et al. 2016) ; therefore, its mechanism of action may involve apoptotic pathways and also include other positive and negative regulators of cell death and proliferation. In addition, the findings indicate that aspirin may increase expression of Hsp60 within 2 h in the absence of heat stress.
Hsp47 was originally identified as a heat-inducible glycoprotein in fibroblasts and has been demonstrated to play a major role in the quality control of collagens under heat stress conditions. Reports have indicated that Hsp47 could prevent kidney diseases such as kidney fibrosis, murine antit h y m o c y t e s e r u m -i n d u c e d g l o m e r u l o n e p h r i t i s , streptozotocin-induced diabetic nephropathy, human diabetic nephropathy, IgA nephropathy, and hypertensive nephrosclerosis (Razzaque and Taguchi 1999) . In the present study, the Hsp47 level decreased from 5 to 24 h in the heat stress group, but in the Aspirin + Heat group, the Hsp47 level Fig. 3 Pathological features of the kidney in the different treatment groups. a−c In the Aspirin group, no obvious damage to renal tubule epithelial cells can be seen. d−f In the Aspirin + Heat group, after 5 h of heat treatment, the renal tubule epithelial cells showed acute degeneration (upwards arrow); after 24 h of heat stress, acute degeneration was still the main pathological change, but karyopyknosis (filled triangle) was also observed. g−i In the Heat group, severe damage to renal tubule epithelial cells can be observed (upwards arrow), characterized by disappearance of the nucleus and karyopyknosis (filled triangle) (H&E staining, ×400, 1 bar = 20 μm) was induced before heat stress treatment and remained at a higher level than that in the heat stress group. Our previous research has confirmed that after treatment of chicken primary myocardial cells with the Hsp inhibitor BAPTA-AM, more serious damage was observed than in cells exposed to heat stress without BAPTA-AM, even when the cells were pretreated with aspirin. Even though the detailed mechanism of the cardioprotective effect of aspirin remains unclear, research has shown that an appropriate dosage of aspirin can induce the expression of different HSPs in different species (Ebert et al. 2005; Endo et al. 2007; Wischmeyer 2002) . Previous studies have suggested that aspirin helps reduce stress injury, a function that is closely related to the induction of HSPs (Ghavami et al. 2002; Jurivich et al. 1992; Wu et al. 2015) . This is supported by previous studies which have shown that aspirin can induce the expression of HSPs (Erlejman et al. 2014; Wu et al. 2015 Wu et al. , 2016 Zhang et al. 2016) . Our Hsp47 expression profile was consistent with heat stress-induced damage. Moreover, Hsp47 was induced at a higher level after aspirin treatment compared to Hsp60. These findings indicate that HSP47 may play a more important renoprotective role against heat stress in broiler chickens than Hsp60, and that Hsp47 could be more easily induced by aspirin than Hsp60. We also investigated other Hsps such as Hsp70 in this study, but their levels did not show any significant differences between the groups (data not shown).
In conclusion, the present findings indicate that heat stress does indeed cause renal damage in broiler chickens and that aspirin plays a protective role against the renal damage induced by heat stress. In addition, the results indicate that HSP60 and HSP47 may be involved in the renoprotective pathways induced by aspirin. 
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